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W WASRA83T CQBSf&SSffltltiM OF A MEDIA!
The object-iv* of tht* seedy w«© to evaluate ate conditions on which
the eo&strustion, ciaintenauce, *ad interest costs for • media© lane
would be warranted at mtMsbm sad rural approaches* to an intersection <>
To achieve thU cbjectlvs, delay ttmm and accident rates to through
vehicles 94t»&»it iy l«ft~turning vehicles were analysed in depth at three
right-angle intersections which already posses.®®*! wadian lanes* and et
eight right-angle intersections which did not have taedian lanes.
Seconds of delay per hour to through vehicles csused by laft-
tearniag vehicles were determined for the major approaches to the eleven
Intersections during daylight-weekday heursg 6 AH &$ % m» Monday through
Friday,, The accidents csusad by 1®ft-turning vehicles wer«s collected
for an almost fivt»*year period and analysed to d#t«r®ine accident rates
for each eajor intersection appraocho This study found, a substantial
reduction in the masher of accidents attributed to left-turning vehicles
and negligible delay ttees to through vehicles at the intersection
whi<sh possessed swdien lanes c The accident rates and delay
analysed by a snUIple linear regression analysis.
Although this study is based only en daylight-weekday hours, the
findings are of considerable value in planning the construction of Median
lanes o The reduction in accident and delays estimated for a period of
years resulting from the construction of « mdian lane is used to determine
if the construction, Maintenance, and interest eosts of this medial
at an inter se«ti©a approach are justified
KmumoB m okays and uxmoKts at
10 KABBAHT OOESI&OCnOi Of A HEDXA1 1AWK
ia aotor vehicle usage during recent years
shroughout the United States has greatly affected highway operation..
This increase in actor vehicl® usagfc has created an added dessaud o® all
eonpoaents of the highway ayateas and hsa resaitad in increased
operating eosfca Co the Motoring public* Intersections are m important
of Ala eysftsaa and the Increased travel voluae® has?® csr®a««d
itloa at aany approaches in the urbea 8 s«ourhsa e sad rural areaao
Thia study investigated oat possible teehniiint for congestion relief at
suburban and rural interseetlon approaches
The increased congestion at approaches to intersections is a cause
for many of the critical problems la highway traffic operations and
control ((3). Vhcra the intersection is at grade s streams of turning
and crossing vehicles oust join and cross each other „ The points within
the interseetienal area used in coaaaea by these intersecting streams are
focal points of accidents and delay » Delays result when vehicles in
different streaas w4aa to pass through these focal points at or oearly
at the sates tine. Accidents often result when drivers aaks nlstakes in
judgasut of the tin* end place that such intersecting aoveaaats will occur.
The tine and place of conflicts at approaches to iateraections nay
be altered by traffic controls or design Channellastion of intersections
at grade has been defined (6) as the separation or regulatioa of
* The aunber in parenthesis refer to tuaabers in the bibliography.
conflicting traffic movements Into definite path* of travel by th« use
of pavement markings, raised Islands or other suitable means to faelll~
tata tba aafe and orderly movement of both vehicles and pedestrians
o
Channellaation ls p therefore 9 used to control the plase of conflict
between Intersecting traffic streams and to Influence the time element
by separating the conflict points and controlling the speeds at which
these conflicts occur
o
the median lane 1® one form of channelization need to separate the
conflict points between left-turning vehicles and through vehicles* It
provides a temporary, protected storage location for vehicles waiting to
make a left-turn movement * this paper, a report on the results of a
research project concerned with warrants for such median lanes „ was
performed by the Joint Higbroy Sasearch Project of Purdue ^University,
Lafayette 8 Indiana e
the objective of the research was to evaluate the conditions for
which the construction^ maintenance and interest costs of a median
lane would be warranted at suburban and rural approaches to an inter-
section. To achieve this objective,, delay times and accident rates to
through vehicles caused by left- turning vehicle® wars analysed in depth
at three right-angle 'intersections which alsrady possessed ssaSisa lanes
and at eight right-angle intersections which did not have median lanes.
By evaluating the benefits from the reductions in delay time* and accident
rates realised from the presence of a median lane, a tasthod was developed
which can be used to determine when construction of a *»#£?fo lane is
economically justified.
IBB STOBT LOCATICHS
The eleven Intersect loos referred to in this study ere loceted
within e sixty mile radlue of Lafayatte-Weat Lafayette, Indiana {Figure
1). These intersections ere located on highways near the cities of
Lafayette-West Lafayette* Kokomo, and Indianapolis „ The approximate
1965 populations of these urban areas were 65,000, 50,000, *nd 500 tf000,
respectively. Each of these eleven Intersections possessed the following
characteristics g
lc Signal or atop controlled,
2o Four approaches,
3. Right-angle,
4o Parking restricted, and
5. Located in suburban or rural areas.
A large percentage of the traffic using these intersections was
through traffic destined for Chicago, Indianapolis, Fort Wayne, or
South 3end» The 1965 major street weekday AST's for the intersections
ranged from 7,100 to 27,500 o A summary of the characteristics for the
study intersections la shown in ?»^a 1 and 2<,
RELATIVE LOCATION AND
NUMBER OF INTERSECTIONS
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The delay time incurred to a through vehicle caused by a left-turn-
ing vehicle was determined at the eleven study intersections during
daylight-weekday hours; 6 AM to 6 PM e Monday through Friday <.
The method developed to collect the delay tine data w«„ designed
to be simple, Inexpensive 3 and easily adaptalbe for use by one or mom:
observers . A typical field setup of the equipment used to study th«t
delay tine is shown in Figure 2. The equipment used in the collection
of delay data consisted of traffic volume counters, 20-pen recorder, 12
volt battery, push-button box, junction box, pneumatic tubes, and
electrical conducting wire<>
The placement of the traffic counters A and B varied in die suburban
snd rural areas . Traffic counter A was located prior to the point at
which an approaching through vehicle was influenced by the presence of
the Intersection, Traffic counter B was located beyond tho Intersection
st a point where the through vehicle he- resumed Its initial approach
speed. As the approach sp@ed Increased, therefore, the distance between
counters A and 3 increased. This distance tx-l^-rn counters A and B was
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Approach speed was the d#fcarvln*mg factor to indicate whether the
intersection approach wa» considered to be located in a suburban or a
rural area<> Intersection approaches wesre classified as suburban when
the approach speed was greater than 30 talles per hour but less than 45
nlles per hour.. Sural intersections were those locations where the
approach speed was greater then 45 wAles per hour<> Much greater develop-
ment of the adjacent land e of course „ existed at the suburban Inter*
sections
o
Traffic counters A and 3 were e$ui^ped with relay devices which
actuated the 20 pen recorder whenevar a vehicle axle crossed the pneuaatle
tubes connected to these two counters « Sash axle actuation caused a "pip"
on the recorder chart An opposing traffic velusss counter w«® located
opposite counter So Each observer had a push-button box which actuated




3 Left-turn vehicular delay
4 Identification of study vehicle
5 Tube A
6 Tube B
Once the equipment was set up at the Intersection e an observer
selected the first approaching vehicle as a study vehicle . Bach study
vehicle was Identified by pressing the &$3&%l§£BS$.te& button as the vehicle
crossed tube A» Xf the study vehicle turned left or right prior to crossing
10
tube » p Che canceX button was pressed g if the vehicle vas delayed by *
left-turning vehicle at the intersections, the button signifying a left-
tnrnlng vehicular delay was pressed;; if the vehicle was stopped due to
e Srafftc signal » the stopped tine button was pressed both when the vehicle
stopped and aj&aia when the vehicle started in notieng and finally,, when
the vehicle crossed tube B, the identification button was again pressed
o
When a study vehicle had been cancelled or had passed through the sons
of Influence 8 the next succeeding vehicle to approach the Intersection
was selected as a study vehicle., This procedure was repeated for a period
of three hours on each approach to be studied at an intersection c
Additional notations were mads on the recorder chart to Indi-
cate the classification of each study vehicle „ and the number of stopped
left-turning vehicles present In a queue,, This nuaber of stopped left-
turning vehicles was later used to study adequate storage length for a
possible median lane
A study was conducted In order to verify that the delay times
incurred to through vehicles during the three-hour study period were not
unique to that Intersection approach for the particular tine and day
selected o the three suburban intersections in the Lafayette-Vest Lafayette
area were selected for this purpose « Delay tiatee for specific tine
periods and days of the week were measured on three successive weeks et
the three intersections o St wes found that the delay tines for any parti-
cular time and day at a specified intersection approach were not signifi-
cantly different at the 5% level of slgniflcancec As a result,, it waa
concluded that adequate samples of delay tine at an Intersection approach
could be obtained during any three consecutive hours for weekday-daylight hours.
11
The 20-pen recorder was operated at a rate of six inches per
during ths tiu* each approach was studied. The elapsed tin** in
for s study vehlcla to pass through th* soae of influence vas scaled







Cc Total tiae minus stopped tism
3o Left-turn vehicular delay B and
4« Left-turn vehicular delay and signal delay
a. Total tijse
bo Stopped tine
Co Tot® I fcisse stlnus stopped tis«o
this recorded data was used to detaraina a«?«rsges of the hourly
totals for each of the four categories, and percentages of the vehicles
delayed by a left-turning vehicle and of the vehicles delayed by a left*
turning vehicle and a signal* Item differences were then determined for
categories 1 and 3 8 and 2 and 4 C The second® of delay per hour
by left-turning vehicles to the total volume of thT.c*»gh vehicles







I is the seconds of delay par hoar caused by left-turning
vehicles to the total volume of through vehicles per
in the approach direction,,
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V in the approach voluaas per boor of through traffic,
P, Is tb* percent of through vehicles d«lay*d by « lef't-
toning vehicle,
XL is the difference la sect^de for the average hourly tinea
of ca&egorlne 1 and 3,
?
LS
l* th* P#rcetlC oi *asroagh vehicles delayed by a left-turning
vehicle and a signal, and
*LS
i9 rh® diffasemc* ta seconds for the average hourly times
of categories 2 af&l &<,
St was concluded very early frost the field data that th* delay ti«s
experienced by a through vehicle was negligible at the three locations
which possessed wedlas lanes on th« approaches to the Intersection <,
Further analysis, tharefere a was Halted to the delay tine experienced
by a through vehicle at the approaches to the eight intersections which
did not kave oedlcn lanes
o
Accident^JPata
.fen almost five-year stutfy p#.ri©*t was chosen in order that an adequate
sample of accidents could be cbtuslaed*. Occidents were collected for the
daylighf;-wee1cdey hours at the eleven study Intersections for the period
January 1, 1961 through August 31, IMS, and pertinent accident rates
were calculated as shown in Tables 3 and 4„
Data on accidents for the three infcs?r«f ctiens with median lanes
clearly Indicated the almost total absence of accidents caused by left-
turning vehicleso As a result* It was concluded that a median lane will
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ACCIDENT RATES AT STUDY INTERSECTIONS WITH MEDIAN LANES*
Type of Accident**
Intersection Rear- End Right-of-Way
U. S. 31 & U. S. 35 (3. R. 22) 0.301 0.U22
U. S. 31 & S. R. 26 0.220 0.396
S. R. 100 & 30th Street 0.177 0.133
Ave rage 0.2lj0 0.3£k
* Accident rates are expressed as the number of accidents
per nriJlion vehicles for the period January 1, 1961
through August 31, 3 96£.
** No accidents were caused by left- turn vehicles.
15
11m accident analysis was limited to thosa accidents caused by
left-turning vehicles which could haws ba«n prevented with tha installa-
tion of a oadian lane, The typ«e of accidents considered preventable
for this study were the following
s
1. Accidents involving a l*f£-turfll&£ vehicle with opposing
traffic,
2« Sideswipe overtaking accidents involving a left-tcssaing
vehicle:, and
3o Rear-end accidents that probably resulted from a left*
torn movement
o
The accident data was collected from the Accidents Records
Division of the Indiana State Police and local police records o Indiana
state las requires that all accidents involving a personal injury, death
or property damage of $50 or more fee reported to the police <>
Sn most instanced the collision diagram and description of the
accident from the investigating officer report form provided the neces-
sary information to distinguish a prevent&b^ accident from a non-
pseventabl® accident » It was concluded, however , that additional
accidents probably were attributed to left-turning vehicles A study
was conducted^, therefore, to determine additional rear-end collisions
caused fcy left-turning vehicles which wers not recorded as such on the
investigating officer report forms » Accident rates for the other rear-
end collisions were calculated for the eight intersections without
median lanes and for the three intersections with median lanes CSee
Tables 3 and 4)« The difference in the averages of these two accident
rates was then used as a basis to randomly assign additional resr-end
accidents which could be considered preventable with the installation
of a median lane.
16
The accident data ware analyzed on yearly basis at each Inter-
section approach to determine an accident rate, number of accidents per
Billion vehicles caused by left- turning vehicles, at each of the eight
intersections without median lanes. No accidents involving a fatal
Injury were included In this analysis because of the rarity of such
accidents and the difficulty of establishing an economic loss.
Volume
In delay and accident studies volume has correlated well with delay
times and accident rates. This volume can be represented as an hourly
volume or as the annual average weekday traffic CADTj). In this study
both the hourly volustes and the weekday AST were used in the analysis,
The traffic volume counters „ used as part of the equipment to
measure delay time, were essployed simultaneously to obtain the approach
and opposing volumes per hour for a given direction of travel. An
observer was used to record the number of left-turning and right-turning
vehicles p as well as* the classification of vehicles entering the inter-
section approach during the hours of study. It was* therefore, possible
to analyze volumes, turning movements, and coamercial vehicles for the
same period of time the delay data were collected.
The approach and opposing hourly woluaea at the tiara the accident
occurred and the weekday AST°s ware correlated with the accident rate*
Because volume counts were not available for the entire study period,
these hourly volumes were estimated as indicated in the following paragraph,
17
The traffic volumes obtained at the time tha dalay data vara collected
vara supplemented by volume data from tha Division of Planning, Indiana
Stata Highway Commission* Factors vara determined from tha volume data
collected , from records of tha Highway Coramission, and from charts depicting
tha yearly, monthly, dally,, and hourly variations In traffic volume during
average conditions in Indiana ((12K Therefore by knowing the locations,
year, month, dsv $ and hour of an accidents the hourly volumes at the
time an accident occurred were estimated by applying the appropriate
factors to th® volume counts taken at each intersection approach.
Capacity
The practical capacity of each intersection was calculated by the
method described in the 1965 llsfewav Cajpaqit^lftipual (7}
.
Six of the signalised intersections had paved shoulders on the
right side which allowed through vehicles to maneuver around a left-
ftsrai&g vehicle c Thes© paved shoulders also acted as turning lanes but
were not designated for this specific Tr;««i8f , In order to determine
the effectiveness of the paved shoulders in increasing the practical
capacities o£ these six intersections;, reference was ©ad® to @ study
0) which indicated that each paved shoulder carried approximately one-
third the capacity of a properly constructed and signed turning lane,,
The practical capacity was calculated for an extra turning lane if
more than one lane existed for a direction of travel. This lane was
assumed to be a left-turn only Ian® if the predominant turning movement
at chat approach was ieft 9 and assumed to be a right-turn only lane if
the predominant turning movement at that approach was righto If the
18
add it Ion* I lane was only * paved shoulder not constructed, signed e or
used exclusively as turning lane, only one-third o£ the turning l«n*<
capacity was added to the through lana capacity.
The two stop-controlled Interactions were also protected with
flashers° Although no precise method was available to evaluate the
practical capacity of these two kmsignailsed latera@$@iea@ it was
assumed that the crossroad traffic interference caused a wave-like
behavior to the through traffic which approached the behavior of traffic
under signal control (!)<> As the crossroad traffic interference did
not result in flcw s> the praetissja. capacities of these intersections
were confuted as if the intersections had been operated under
traffic control signals with a gra^ tine cycle length ratio of one.
AHALYSXS Of DA1A
Multiple Linear Regression
Sfa©5f variables possibly affecting the delay and accident data were
analysed by multiple linear regression. This method provided expressions
for predicting the seconds of dale-' psr he*sr caused by left -»turning
vehicles <S» the volea© of through vehicles per hour, and the number of
accidents per million vehicles caused by left-turning vehicles at
approaches to intersections in both the rural and suburban areas „ The
computer program used in this study for the multiple linear regression
analyst* was the B1MD-2R, "Stepwise Eegreesion" <10).
Tests vmrm conducted on the resultlaf. 4® lay Rime ami a.r:e idwafc «»«*
prediction equations Co determine whether each >^depend*nt variable In
each equation wee significant* The propose of these teste wee to develop
simplified equations which would usually and adequately predict delay
times and accident rates for both suburban and rural Intersections by
using a fewer number of Independent variables „ An option In the 83MD-2R
program provided for a summary table listing the order eauh Independent
variable entered the Multiple linear regression equation and the correspond-
ing Increase in the Multiple coefficient of determination ((R
2
> associated
vita each ne» variable „ The F-test ((3) was used to determine the first
independent variable which did not add significantly to the increase in
2
the Multiple R 9 given the other independent variable or variables
already in the regression equation For exa*sple 9 tests were conducted
et a 5% level of significance to determine whether a significant Increase
resulted from the addition of a second Independent variable given the
first independent variable 9 or from the addition of a third indep#&£e@t
variable given the first Independent variable or from tb/t addition of
a third independent variable given the first two independent variables
already in the regression equation » The results of these tests are the
basis for the formulctlon of simplified predictions equations for delay
time and accident rates
o
wqLAfjnsi
The variables listed in Table 5 represent the Independent variables




SUBURBAN AND RURAL DELAY TIMES
Number Variable Description
3 Type of Area - Suburban or Rural
U Flasher (Stop) Controlled
5 Fixed Time Controlled Signalization
6 Semi-Traffic Actuated Controlled Signalization
7 Fully-Traffic Actuated Controlled Signalization
8 Green Time to Cycle Length Ratio of Through Approach
9 Green Time to Cycle Length Ratio of Left-Turn Phase
10 Grade of Approach, Percent
11 Number of Approach Lanes
12 Width of Approach Roadway at the Intersection, Feet
13 Average Speed Through the Intersection for a Non- Delayed
Through Vehicle, Feet Per Second
lU Ratio of Width of Access Points to ione of Influence Length
1$ Approach Volume Per /four. Vehicles Per Hour
16 Opposing Volume Per Hour, Vehicles Per Hour
17 Number of Left-Turning Vehicles in Approach Direction Per Hour
18 Number of Right-Turning Vehicles in Approach Direction Per Hour
19 Number of Commercial Vehicles in Approach Direction Per Hour
20 Number of Approaching Through Vehicles Per Hour Delayed by a
Left-Turning Vehicle Only.
21 Number of Approaching Through Vehicles Per Hour Delayed by a
Left-Turning Vehicle and a Signal
21
TABLE 3 (Cont'd. )
Number Variable Description
22 Ratio of Approach Volume Per Hour to Capacity of Approach
Direction
23 Ratio of Opposing Volume Per Flour to Capacity of Opposing
Direction
2li Average Number of Stopped Lef t- Turning Vehicles in an Approach
Queue Per Hour
2£ Total Volume Per Hour in Approach and Opposing Directions,
Vehicles Per Hour
In delay times for both suburban and rural areas o The results from this
Initial regression analysis vara examined for significance and duplication
and certain variables deleted. The final delay etna prediction equations
on the remaining independent variables
Suburban iu*r
the prediction equation explaining the greater amount of variability
la sufcur'ian delay time d^ is shown in the following equations
Tjjg •» 483,788 - 726=881 Xg - 33 .292 Xj
Q
- 338 ,278 *u






- 1027 = 246 X^
+ 1,984 X
2g
The multiple correlation coefficient equals o828. the variables
2
in this equation explain approximately 69 percent (R ) of the variation
in the seconds of delay per hows caused by left-turning vehicles to the
total volume of through vehicles per hoar for a suburban intersection
llie variable that was the most significant in the multiple linear
regression equation for suburban delay tisfe is th® total volume per
hour in the approach and opposing direction CX26
>° Other important
variables are th® green tism to cycle length ratio for the through
CXgh the percent grade of the approach (\Q)> ««* number of
lanes (*„). the average speed through the intersection for a
non-delayed through vehicle Qt^h «&e washer of left-turning vehicles
per hour in the approach direction CX^h and the ratio of the approach
per hour to the capacity of the intersection approach (CX^o
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Th« simplified prediction equa&im for suburban delay Clan is »a
follOM 8
f^ - - 620.838 + 3.505 X^ + 0.886 X^
The multiple correlation «©effieiene equal* 0.791. The variables
2
in this simplified equation explain approximately 63 percent 0. ) of the
variation in the seconds of delay par hear caused by left-turning vehicles
to the total volume of through vehicles per hour for a suburban inter-
section approach.
The most significant variable in this simplified prediction equation
is the total volume per hour In the approach and opposing directions (X-,).
The other independent variable is the number of left*turning vehicles
per hour in the approach direction CX ).
lural Area
The prediction equation explaining the greatest amount of variability
in rural delay tia© C?M) *» shown in the* following equations
T - - '4.46$ + 50.673 %w - 13.514 X + 1.003 X^
+ S.017 X
l?
- 2.735 Si9 + 547.598 XJ2 + 0.731 XJ6
the multiple correlation coefficient equals 0.986. Ates v«E*.«bt«»
2
in this equities explain approximately 97 percent (R } of the variation
in the seconds of delay per hour caused by left*turning vehicles to the
total volume of through vehicles per hour for a rural intersectl*^ approach
<
The most significant variable in the multipla linear regression
equation for rural delay tims is the total volume per hour in the approach
and opposing directions &2Ao Other important variables are the
24
percent grade of the approach CX.jJ, the width of tha approach roadway
at tha intersection it..-), the approach volume par hour CX.-K tha
number of left-turning vehicles par hoar In tha approach direction (X17 »
tha number of cowards?, vehicles per hour in tha approach direction
CXiqK >nd the ratio of the approach volume par hour to tha capacity of
the intersection approach CX,,}.
The simplified prediction equation for rural delay tine is as follows
!„- 2«2o88Q - 9oll9 X, a + i„6©9 X„OK 19 26
The multiple correlation coefficient equals 0o958, The variable is this
2
simplified equation explain approximately 92 percent (K ) of the variation
in the seconds of delay per hour ceased fey left-turning vehicles to the
total volume of through vehicles per hoar for a rural Intersection
approach.
^he most significant variable in this simplified prediction equation
Is the total volume per hour in the approach asd opposing directions CX«6)<
The other independent variable is the number of ®©E©erclal vehicles per
hour in the approach direction <{X«J°
During the collection of delay datSj, notations were made on the
recorder chart indicating the number of stopped left-turning vehicles in
each ^ueueo It was possibles, therefore 9 to determine an average number
of stopped left-turning vehicles In a queue per hour. This average
number could then be used to determine the adequate storage length for
a proposed median lane.
The required length of the proposed median lane will vary at each
Intersection approach The following factors „ however 6 should be
considered when determining the length of the proposed storage lanes
lo approach volume
2= fercant left=*sr»»i«»g vehicles,,
25
3., Average approach speed and
4<> Average masher of stopped laft- turn vehicles la a queue
par hoar.
AOSlMBlg R4TB
The variables listed In Table 6 represent the Independent variables
which were considered in tba initial analysis for predicting the
variability la accident rates for both suburban and sural areas ° The
results from this initial regression analysis vera esaalued for
significance and duplication and certain variables deleted . The final




The prediction equation explaining the greatest amount of variability
in the suburban eeeldeat rate €?.„> is shown in the following equations
*AS
" lo24U " *°<>382 Xj + 0*0029 X
1(J




+ o0824 XR - U6262 Xj + 0.04*3 %XJ
The snltipla correlation coefficient equals Co 781. The variable in
this equation explain approsiajat<aly 51 percent (R } of the variation In
the cusftsr of accidents per alllian vehicles caused by left-turning vehicles
on a suburban intersection approach
Th# varlabia that was the taasfc significant in the multiple linear
regression equation for suburban accident rate la the weekday approach
AST plus the weekday opposing ABT CX.-K Other laportanfe variables
«re the nuaber of approach lanes ({X-1i, the approach volume per hour at
the tins tbs accident occurred (X.-), the weekday approach AST CX. 2)»
the total intersection weekday ADS' CX, . ) , the ratio of the opposing
volume per hour to the capacity of the opposing intersection approach CX.
fi
K




INDEPENDENT VARIABLES - SUBURBAN AND RURAL ACCIDENT RATES
Number Variable Description
2 Type of Area, Suburban or Rural
3 Flasher (Stop) Controlled
k Fixed Time Controlled Signalization
Semi- Traffic Actuated Controlled Signalization
6 Fully- Traffic Actuated Controlled Signalization
7 ?Jumber of Approach Lanes
8 Width of Approach Roadviay at the Intersection. Feet
Width of Opposing Roadway at the Intersection, Feet
10 Approach Volume Per Hour at Time the Accident Occurred,
Vehicles Per HDur
U Opposing Volume Per Hour at Time the Accident Occurred.
Vehicles Per Hour
12 Weekday Approach. ADT, Vehicles Per Day
13 Weekday Approach ADT Plus Weekday Opposing ADT, Vehicles
Per Day
lii Total Intersection Weekday ADT, Vehicles Per Day
15 Ratio of Approach Volume Per Hour to Capacity of Approach
Direction
16 Ratio of Opposing Volume Per Hour to Capacity of Opposing
Direction
17 Average Speed Through the Intersection for a >Jon-Delayed
Through Vehicle, Feet Per Second
27
The siaplified prediction equation for the suburban accident rate
is as follows?




The multiple correlation coefficient equals 0.743. The variables in this
2
simplified equation explain approximately 55 percent (R ) of the variation
in the masher of accidents per million vehicles csased by left-turning
vehicles on a suburban intersection approach.
The nost significant variable in this simplified prediction equation
is the weekday approach AST plus the ^ee&day opposing ADT (£._ % Other
independent variables are the number >f approach lanes CX-), the weekday
approach AST (Xjg). and the total intersection ADT (S^K
EarsI Area
The prediction agnation explaining the greatest amount of variability
in the r ffll accident rate €?*«l is shown in the following equations
¥
AR
" 0o64U " °'2348 x
7
- 0.0110 Xg + 0.0045 2
- 0.0077 2U * 0.8690 2l3 - 0o6018 X^ - 2.9019 X15
+ 6.0704 X
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The multiple correlation coefficient equals 0.825. The veriablea
2
is this equation explain approximately 68 percent 0. } of the variation
in the number of accidents per million vehicles caused by left-turning
vehicles on a rural intersection approach.
The nost significant variable in the nultiple linear regression
equation for rural accident rate is the total intersection weekday AST
28
<X.>>o The other ladep*H>dant variable Is the approach volume par hour
at tba time tha accident occurred (X
1(
Jo This simplified equation,,
however, does not adequately predict tha accident rata at a rural inter-
section approach as indicated by the lov multiple correlation coefficient.
As a result the full prediction equation should be usedo
APPLICATION OF REDXCffSOS BQIMTIOHS
general
The development of prediction equations for estimating the delay
tie* and accident rate at rural and suburban intersections which la dae
to the absence of a median lane peralts the evaluation of benefits to
be expected from construction of such a lane,, The application of these
equations to such evaluation is a simple process which is outlined In
the two examples which follow.
The application is limited to two extreme conditions under which
median lanes might be proposed „ It is assumed that a median lane is
warranted when the costs of construction for such a lane are equal to
or less than the econoaie benefits derived from such construction
„
Benefits are reduced delays to through vehicles and number of accidents
attributed to left~turning vehicles o Sse is made of the simplified
prediction equations developed in this study to determine such reduction
in delay and in accident rates
°
The first example coasldera the case where adequate right-of-way
exists on both approaches of a two-lane highway to a signalised inter-
section in s suburban area« The existing pavement on one or both sides
of the highway must be widened for a specified distance on both approaches
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o Chat median lanes nay b« constructed and new through lanes designated.
The second example considers the case where a median strip at least
16 feet In width Is located between the major approaches to a signalised
intersection of a four-lane divided highway in a suburban area. Tha
left- turn lanes will be constructed within the existing median and no
changes to the existing lanes are required
The basic spec ifteations and construction costs for median lanes
were obtained from the Indiana State Highway Commission,, Mvislon of
Traffic o Several contracts of Intersection channelisation projects
were examined in order to obtain representative 1965 costs used in
each example
o
Actual cost of deley was determined for the southbound approach to
the
the intersection of U, S. 52 By-Pass and S. R. 26 in Lafayette* Indiana
«
The cost of delay for the average vehicle type was calculated to be $2.25
par hour of delay. This cost estimate includes time and fuel costs for
deceleration* acceleration,, asd idling* a«d a ttote cost for comfort and
convenience „ The unit costs and rates used In the determination of the
hourly estimate for delay costs are shown in Table 7.
Average costs for sa accident caused by a left- turning vehicle were
determined from the accident report forms collected for the period
January 1, 1961 through August 31, 1965, The average cost of each
injury in 1965 was set at $1900 (11)° The average accident costs,
which included both property damage and injury costs * were calculated
to be $710 in suburban areas and $1352 in rural areas.
A six percent Interest rate was used to obtain the annual costs for
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construes too and maintenance of the median Ian* based oa 1965 R.tfc coata<>
The prediction aquations used to estimate tha acconda of delay par
hoar and tha number of accidents per million vehicles to through vehicles
caused by left-turning vehicles are based on weekday-daylight hours
,
These predicted delay times and accident rates, therefore „ Include only
twelve hours per day for 260 days of the year. For a ©acond calculation,
it was assisted that the delay times and accident rates for the weekend-
daylight hours are the sans or greater than the delay times and accident
rates for the weekday-daylight hours, With this assumption, ««wp»ten~£,3aj
.-re hassd on t&» £$«l«s& hear* && &ay for 365 days of th® year Ja *fo©
following two examples 9 annual cost estimates for delay times and
accident rates are presented based on both 260 &W» mod 365 days per
yearc
It Is also asaraasd that all delays to through vehicles from the
left-turn movement and all accidents involving left-tarn vehicles will
be eliminated by the construction of a median lane. Although this is
not completely accurate* it is substantially correct. Furthermore,,
the prediction equations , by not considering the night hours 6 £M to
6 AM, give conservative values for both delay and ac@ldents.
Goet estimates for the installation of a median lane are based on
construction costs at an existing intersection approach with no
additional inprovements at that intersection approach. Lover costs
would result when additional improvements to an existing intersection
are to be made in conjunction with the median lane or when a median





















* These unit costs and rates are average values based on references
3, 8, and 9.
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The following two esamples nay not bo Che beat possible solutions
to the chosen Intersection approaches „ and ere only illustrative examples




this Qaasp!© attempts to justify the construction of median lanes on
both approaches to the intersection of W S 52 toy-Ems* and So Ro 26 in
Xnafayetftess Indiana The ©» S° 32 By-JPase 1© a two- lane highway in a sub-
urban area with adequate righ£-o£-way for median lane construction
existing on both approaches to the Intersection . The conditions before
and after construction of the median lanes are shown in Figure 3„
The annual constructions maintenances and interest costs were
determined based on 1963 unit construction coafcSo Ho attempt was made
to improve the type of sig»sS.4sa.eft@ra nor to include any cost estimate
for such Improvement
«
The nuffiber of daylight hours of delay per year attributed to left-
turning vehicles was determined hm»@A on the simplified prediction
equation developed for suburban «re$s» The equation is stated below














An animal increase in traffic of three percent was assumed to evaluate
variables S._ and X for the succeeding five end ten year periods •>
The number of accidents per year caused by left-turning vehicles
during the daylight hours was determined based on the simplified predic-
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below with 1965 valves for the variables
g
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An annual lccreasfc in traffic of three percent was also aasuasd to evaluate
variables X- 28 £ ,, 9 and X . for the succeeding five end ten year periods.
A stsawary of the anneal cost estimates determined for aedian lane
construction and the resulting reduction in delay tiaaa and nuaber of
accident!] is prest-nfc-ad In Table 8. The results Indicate that the con-
struct ieiip maintenance,, and interest costs for aedlan lanes on both
approgeh&s to the Intersection of U„ S. 52 8y«>Pass and So Ro 26 can be
justified over a five~year period using 365 days per year.
This esaEple atteapta to justify the construction of a median lane
on the northbound approach to the intersection of C S 31 By-Pass and
Lincoln .load in Kck©s»* Indiana. Th& 3. So 31 By-Pass is a four-lane
divided Mgfcway in a seborbaa area with an existing i&sdlan 40 feast in
width o the southbound approach to the intersection already possesses
a left-turn lane, the conditions before and after construction of the
asdian Isne are shown in Figure 4.
The (annual construction,, maintenances, and Interest costs were again
deteminsd based on 1965 unit construction costs. Bo atteapt was aade





SUMMARY COST ESTIMATES FOR EXAMPLE - 1
(U. 5. 52 By-Pass & 3. R. 26)
Annual Cost in Doll.s.rs
1965-1969 1965-1971*





A. Prepa ra bion 1 , 1*62
B. Construction 20,822
C. Finishing inn
D. Signs ana Maintaining
Traffic 3,000
Total Cost 25,981*
E. Maintenance and Miscl.
CK.O*) 3,898
Total Cost 29.882
F. Annual Cost @ 6.0$
Interest Rate (C+M+I) 6,078 6.,07 8 !*,06l It , 06l
IT. Co;st "eduction Estimates
A. Delay Ime ( CDS ) 2,1*50 3,139 2,836 3 . 981*
?. Accidents (C )AS' 2,281] 3,206 1,891*
2.659
Total Reduction Cost
(C + C )1 DS A3 ;
U,73l* 6,61*5 1*,732 6,61*3
Difference [(C_ + C,
J
D.-d Aj
- (C + M + I)] -1 , 31*1** + 567** + 671 ^2,582
* A negative difference indicates that the annual cost to install median
lanes cannot be justified by the annual savings in delay and accidents
to through vehicles.
** A positive difference indicates that the annual cost to install median











































The number of daylight hoc** oi! delay jer year a :tribut*d to left-
turning vehicles *a« determined based on the ^sadUtl-m equation developed
for suburban areas „ The simplified equetiot-. is seat* 1 i>elo» - wish
1965 value* need for the varleblesg






.An annual increase In traffic of three jorei.&t w&s asouaasd to evaluate
variables X._ esse X,,. for the succeeding fir* sad ten year periods .
The nurafesr of aseidents per year caused by le£t-%uiniag vehicles
during the daylight hours was determined baaed on the simplified predlc-
tlon equation demelo^ed far si'hurban areas « This, equation is stated
below wifchh 1965 values used for the varisSj
f
AS
" 3 '*203 ' loM'07 X- -3- 1..2446 2 - 0.7723 X^ + 0.0371 XR
l orthbo: id I
2





An annuel iacreane In traffic of three peseta** was also assootsd to eval-
uate variables X.
2
» X,«» end .%., for the stuMieading five and ten year
periods.
A staamary of the annual cost estimates determined for median lsne
construction and this resulting redu£ti<s« in delay time and number of
accident;* Is presented In Table 9,. The re&tilta indicate thsf the con-
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TABLE f
SUMMARY COST ESTIMATES FOB EXAMPLE - 2
(U. 3. 31 BY-PASS '.- LINCOLN ROAD)
Annual Cost in Dollars
1965-196? 196^-1 97h
Costs 260 365 260 365
Days/Yr Days/Yr Days/Yr Days/Yr

















Interest -ate (C*l . 7Ui
II. C<ast Heduction Estiir,
n
.






fit 1.1.27 717 1,007
(C + ) . 17 2.091 1. J2u 1. r
Difference l"(C__ - :. „)
DS AS
- (C + M + 1)1 + 1 7 3-- + 977 - n +1 ,i]
-'
* A positive difference indies tes that the annual cost to install a
median lane can be justified by the annual savings in delay and
accidents to through vehicles.
3<*
struct£oo'„ wftliivirAEce, and isrki; act; cats $» the &;dkia lane on the
northoou-id appro&nc to the ittfeepaeetiosi of J, 3. 31 £y*pass and Lincoln
Road could bH justified over tooth the iive~?«ar sad the tes.-yevr periods
using either 260 weekdays or 36j> dayB per year.
RESULTS AID: FUNDINGS
The results sal flu£i.Eg* of this study. Vhieh evaluated the condi-
tions on ^Mch the construction of r> sdian leases at i :tej ,sactions
appEoeehos in suburban and rural areas wsjlxi he warranted, are sujnaaii.se.-d
in the follovire; paragraphs
.
1. The presence of a ssedian l:;:os substantially reuaces the nua&er
of accidents and elisdn&tes delay ':-jibb tc through vehicle*,
resulting from left-turning walcluc
2, A warr&Rt- for tb® eonstanaetlos of i. s&dian lani vhich reL&tes
the annual cost fc? construction and mintt.;t:ua: « of a zedian
lane to the total estisn-ted benefits derived from reductions





mass® C-o and C_jg care the annual cost reduction estimates for
delay time in the suburban ^ural areas,
respeetf.veily ,
C usaSL C l&:lfe ^ mwmsJ cos ; reduction ^stiaates for
AS ^^ >® accidents in the rDurban atd :?ural areas,
respectively, and
C M + I is the annuel, cor* sractioa, mlntenanco, and
interest cost* f:a : the aedii-n JjuoSo
to
Equations were developed to predict delay times and accident
spates for the weekday daylight hour 3 for through traffic at
suburban and rural intersections that resulted from left
turning vehicles and the absence of median lanes.
Using a life of only five years, it was shown that median lanes
were warranted at two e:--=urple intersections, namely (Example »l)
at the intersection of IF, S. 32 Rjr-paas and S. R. 26 in Lafayette
and (EsaaHple - 2) at the intersection of U. 8. 31 By~pass and
Lincoln Road in Kbkomo, The benefits were found to be such that
when coEsaared with the cost of a median lone, almost ewxy
interaction on a divided highway with a median of sixteen
feet os? more and aany intersections on other four and two lane
highways possess the warrants for construction of median lanes
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